In each human cell, ∼2 m of DNA is packaged into a nucleus a few microns in diameter. To accomplish this task, 146 bp of DNA is wrapped around a complex of eight histone proteins to form a compact structure called a nucleosome. Nucleosomes and other associated proteins, referred to collectively as chromatin, then fold into higher order structures whose precise architecture is not well described. Chromatin organization is regulated by chemical modifications to histones, such as adding an acetyl or methyl group to the lysine (a positively charged amino acid) at certain positions, which modulate interactions between neighboring histones, between histones and DNA, and between histones and chromatin-associated proteins. Because of their extensive positive (basic) charge, when histones are not bound to DNA, they are prone to promiscuous nonspecific interactions that can reduce cellular fitness. Histone chaperones are proteins that bind histones to prevent these adverse effects and play an important role in regulating all DNAdependent processes. We studied the histone chaperone Rtt106, which regulates the assembly of modified histones into chromatin as DNA is replicated and transcribed. Using X-ray crystallography, yeast genetics, and biochemistry, our study defined how Rtt106 interacts with histones, the specificity of these interactions in cells, and their functional consequences.
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The addition of an acetyl group to lysine 56 of histone H3 (H3K56ac) marks newly synthesized histone H3, alters its association with chromatin-assembly proteins, and loosens histone-DNA contacts (1) . In yeast, Rtt106 cooperates with a network of other histone chaperones to deliver H3K56ac histones into chromatin as DNA is replicated, RNA is transcribed, and silent (transcriptionally repressed) chromatin is assembled (2, 3). Because Rtt106 lacks either of the protein domains known to direct acetyl-specific interactions with histones, the mechanism behind its preferred interactions with H3K56ac histones has been unclear. Our study addressed this mystery and tested how disrupting the Rtt106:H3 interaction caused defects in replication and silencing.
We used X-ray crystallography to determine the 3D structure of Rtt106. Rtt106 contained two rigidly opposed, tandem pleckstrin homology (PH) domains (Fig. P1) . The PH domain varies substantially among proteins, and PH domains can bind many different target molecules that act as biological signals, including components of the cell membrane and amino acid sequences. The N-terminal PH domain was not recognizable from comparisons of the protein sequence alone (4). Guided by our structure, we created 72 mutants of Rtt106, covering a substantial fraction of the protein's surface, and assayed their ability to function in replication and silencing. This screen defined two distinct surfaces, a basic patch within the N-terminal PH domain and a loop within the Cterminal PH domain, which were necessary for both functions. Mutations in either region also disrupted the Rtt106:H3 interaction. Further analyses of these mutants revealed that although Rtt106's interaction with chromatin was independent of the recognition of H3K56ac, Rtt106:H3 binding was necessary for H3K56ac delivery into chromatin during replication and for the function of silenced chromatin.
To determine whether the regions of Rtt106 that bound histones represented a conserved feature of tandem PH domains, we performed a comparative analysis with the structurally similar histone-binding protein Pob3, a member of the FACT protein complex, which also interacts with nucleosomes as they are assembled and disassembled (5) (Fig. P1) . First, we discovered that Pob3, unlike Rtt106, did not require the H3K56ac modification for H3 binding in vivo. This result suggested an important difference in the histone-binding mechanisms of these structurally similar proteins. Surprisingly, only the functional properties of the Nterminal basic patch were conserved between Pob3 and Rtt106, with the C-terminal loop dispensable for Pob3 function and histone binding. This difference suggests that the C-terminal loop of Rtt106 may be the source of Rtt106's unique histonebinding specificity. The conservation of the basic patch also provided a molecular explanation for the deleterious phenotypes of a previously described Pob3 mutation that altered the charge of this basic surface.
Our study provides unique insight into how tandem PH domains can play diverse roles in chromatin biology. The PH domain is a promiscuous binding domain in which the specificity can be altered through changes in the sequence composition and lengths of the loops. The importance of the C-terminal loop for Rtt106's H3K56ac specificity is compatible with the possibility of direct binding of H3K56ac by this loop. Alternative models, including recognition of alternative histone conformations or modifications associated with H3K56ac, are also possible. However, the structural basis of Rtt106's preference for H3K56ac-containing histones will likely be revealed only when Rtt106:H3K56ac cocrystal structures or detailed NMR data are available.
Rtt106 was one of the first histone chaperones found to prefer a specific type of modified histone. Because additional histone chaperones may contain other promiscuous binding domains, including PH domains that are not recognizable based on the primary sequence alone, future studies will likely reveal that many histone chaperones have intrinsic preferences for specifically modified histones. Our analysis of Rtt106 illustrates how the interplay between chaperones and histone modifications provides an important layer in regulating the assembly of chromatin inside the cell.
